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Abstract 
Benthic invertebrates and aquatic vegetation were investigated in 
the volcanic Lake Monterosi with the aim to define the stage of de- 
velopment reached during progressive modifications which oc- 
curred in the shallow lake. Increasing trophy and introduction of an 
exotic plant (Nelumbo nucifera) were the key-factors esponsible for 
the rapid qualitative r duction of the macrophyte population and its 
modification to non rooted plants (Ceratophyllum demersum). The 
invertebrate fauna associated with macrophytes was found to be 
abundant, diversified (83 taxa) and characterized byhigh diversity 
and presence of bioindicators ofmesotrophy. Although the zooben- 
thic community appeared tobe positively influenced by the macro- 
phyte-dominated stage, some negative ffects of Nelumbo-coloniza- 
tion on the invertebrate fauna indicated that further growth of this 
plant would cause a rapid change in the lake. 
Introduction 
Lake Monterosi, owing to its small size, is an excellent ex- 
ample of a shallow lake in an advanced aging stage. Over the 
last thirty years it has in fact undergone a rapid transforma- 
tion due to the progressive invasion of aquatic vegetation, 
which has been partially responsible for a depth reduction 
from 6 m (1966) to 4.5 m (1995). 
Paleolimnological nd faunal studies carried out in the 
years 1962-1965 (STELLA & MARGARITORA 1966; HUTCHIN- 
SON 1970) defined the lake's history and revealed the exis- 
tence of an oligo-mesotrophic state at that period. Later anal- 
yses both of aquatic vegetation (ScoPPOLA & AVENA 1987) 
and invertebrate fauna (BAZZANTI et al. 1988) documented a 
considerable acceleration of the lake's modification, princi- 
pally as a result of the introduction of an exotic emergent 
plant (Nelumbo nucifera), which rapidly colonized the bot- 
tom. 
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In this view, this study on meio- and macrozoobenthos 
associated with submerged macrophytes, carried out as a 
part of a multidisciplinary investigation i cluding zooplank- 
ton, profundal zoobenthos, fish fauna and physico-chemical 
parameters, was primarily designed to monitor further 
changes occurred in the lake over time. This analysis also 
represents the continuation of a series of studies on littoral 
communities aimed at defining their qualitative composition 
and their role in the water quality assessment in lakes of 
Central Italy (MASTRANTUONO 1986, 1987, 1990, 1991). 
The results obtained have emphasized the validity of a first 
set of parameters (mainly bioindices and bioindicator taxa) 
that, after an integrated critical evaluation, can provide a 
suitable indication of trophic state in the littoral. Moreover, 
a comparative analysis of the previous results (MASTRAN- 
TUONO 1993) allowed to propose a simple new quality index 
(ISC, index of community structure, based on the presence 
of rare faunal groups at high taxonomic level) whose validi- 
ty will be tested in current and future investigations. There- 
fore, the aim of this study was also to test the application of 
these parameters in a shallow lake, where the differences in 
nutrient recycling through food-web and bottom compared 
with deeper lakes can influence the composition of the 
zoobenthic structure. 
Study Area, Materials and Methods 
The volcanic Lake Monterosi (surface area: 0.32 km 2, max. depth: 
4.5 m, theoretical renewal time: 3.9 years) is located at 239 m a.s.1. 
in the "Monti Sabatini" area (north of Rome). The lake, without in- 
flows, is fed almost exclusively from run-off. Over the years a pro- 
gressive diminution of maximum depth has been observed (1896: 
8 m; 1966:6 m; 1985:5 m; 1994:4,5 m ), mainly due to increasing 
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Fig. 1. Map of Lake Monterosi (BARBANTI & CAROLLO 1969, modi- 
fied) and location of the sampling stations. 
of both amount of plant detritus and water utilization for human ac- 
tivities (mainly cultivations). 
Samples of vegetation and benthic fauna were collected in two 
different seasons (summer 1994, winter 1995) in six stations (Fig. 1) 
and at two depth ranges (0-2 m and 2-4 m) using a sledge dredge 
(opening: 35 x 20 cm, mesh size: 180 ~m). At each station and date 
the dredge was dragged parallel to the shore for about 50 m at the se- 
lected depth range, following a sinusoidal path. The material was 
preserved in 5% formalin. In the laboratory the vegetation was sepa- 
rated and identified. Macrobenthic organisms were sorted from each 
sample using a visual method, whereas the meiobenthic ones were 
separated into two subsamples, each corresponding to 1/8 of the 
whole sample, using a stereomicroscope at low magnification. 
Shannon diversity (MARGALEF 1957), evenness index (PIELOU 
1966) and quantitative similarity index (PSc, RENKONEN 1938) were 
applied in order to analyse the community structure. PSc values 
were represented by the UPGMA clustering method (SNEATH & 
SOKAL 1973). 
The analysis of some physico-chemical data kindly supplied by 
COLOMBARI et al. (pers. comm.), showed an annual temperature 
range (9.3-27.9 °C) typical of these climatic zones, basic pH values 
(range: 7.4-9.3) and high oxygen contents in all seasons (generally 
from 7 to 11 ppm). Transparency values were high (range: 3-4.5 m), 
so the measure of TSIsD (trophic state index, CARLSON 1977) indi- 
cates a mesotrophic condition (40.5). The values of phytoplankton 
primary production are relatively low (46.9-93.7 mg C/m3/h). Per- 
centages of organic matter in the sediment were high (range: 
41-46% in the area colonized by Nelumbo, range: 24.8-30.5% in the 
center of the lake; BAZZANTI, pers. comm.). Total phosphorous in the 
water was high in summer (July 1994:140 pg/1 in surface waters; 
240 pg/1 at 3 m) and lower in winter (December 1995:100 pg/1 in 
surface waters; 10 pg/1 at 3 m). According to EPA (U.S. EPA, 1974) 
and OECD (1982) classifications of trophic level based on the total 
P contents in the water, Lake Monterosi can be considered meso- 
eutrophic. 
Results 
The present analysis of the distribution of aquatic plants 
showed a lake completely colonized by an abundant commu- 
nity (Fig. 2), compris ing only three macrophyte species 
(Table 1), two of which clearly dominant in both depth 
ranges (Ceratophyllum demersum and Nelumbo nucifera). In 
addition it was also observed the occasional presence of 
Nymphaea alba and Potamogeton crispus. As regards the 
long-term changes of species richness, a remarkable reduc- 
tion in number  of macrophyte taxa occurred in the lake since 
1986 up today (1966:12  taxa, 1986:13 taxa, 1994:6  taxa). 
At the same time the macrophyte community  changed com- 
pletely in the last thirty years (Fig. 2): the Charales Chara 
and Nitellopsis obtusa, richly represented in 1966 in a part of 
the bottom area, were totally disappeared in 1986. The helo- 
phytes (dominant species: Typha angustifolia, Phragmites 
cornmunis, Scirpus lacustris), which in 1986 have complete- 
ly colonized the lake perimeter, suffered between 1986 and 
1994 an extensive reduction that l imited these plants in only 
Table 1. Composition of aquatic vegetation i the collected samples and relative abundance atthe stations and at the depth ranges. *present; 
**less abundant; ' ' abundant; very abundant. 
Depth ranges 0-2 m 2-4 m 
Stations 1 2 3 4 5 6 1 2 3 4 5 6 
VII- 1994 
Chlorophyta - *** - *** *** - - - - *** - 
Myriophyllum spicatum * ** . . . . . . . . .  
Ceratophyllumdemersum ** **** **** **** *** - - **** **** **** **** 
Nelumbo nucifera **** *** *** . . . .  *** *** - - 
1-1995 
Chlorophyta - *** **** . . . .  *** - - 
Myriophyllum spicatum - - - * . . . . . .  
Ceratophyllum demersum - *** - *** *** - - **** **** **** 
Nelumbo nucifera . . . . . . . . . .  
**** *** 
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two sites where they showed a scattered istribution. During 
this last modification also Nymphaea lba and Myriophyl- 
lum spicatum disappeared almost completely, being replaced 
by Nelumbo nucifera and Ceratophyllum demersum. The 
present situation showed that Nelumbo nucifera has widely 
colonized the southern area of the lake extending its pres- 
' , .  --'< 
• ': Characeae - lffA: N. alba - -~ : Others 
~'. N. nucifera - ~" : Helophytes 
ence for several meters toward the centre of the lake, while 
Ceratophyllum demersum covered the remaining bottom 
area, also at low depths (1 m) where M. spicatum previously 
represented the dominant species. 
Benthic fauna comprised a quite high number of taxa (83 
taxa, Table 2) evenly distributed among numerous faunal 
groups. Oligochaetes were the most diversified organisms 
(12 taxa), followed by several well represented groups such 
as Cladocera (9), Nematoda (8), Turbellaria (7), Hydracarina 
(7) and Chironomidae (7). The remaining organisms, taken 
together (33 taxa), made a good contribution to increase 
species richness. Among the taxa it must be mentioned the 
presence of some rare invertebrates and particularly the cy- 
clopid C~Tptocyclops bicolor, found for the first time in Cen- 
tral Italy, the nemertean Prostoma sp., and the water mite 
Ftvntipoda sp. The finding of the latter two, previously ob- 
served in the lake (STELLA & MARGARITORA 1966), is of par- 
ticular remark because they represent up today the sole 
records in Central Italy. The other taxa are very common and 
widely distributed in the littoral zone of lakes. So, in compar- 
ison with past data (STELLA & MARGARITORA 1966), the pre- 
sent invertebrate composition showed a similar number of 
taxa (83), but differently distributed among zoological 
groups (Table 3) due to the extensive replacement of species, 
as only 33 of the 83 taxa in that period identified were found 
again. Instead, the comparison with more recent data 
(1975-1977; BAZZANTI et al. 1988), when only some faunal 
groups were examined, showed that 36 of the 46 taxa identi- 
fied have been found again, and in particular crustacean 
composition appeared to be almost unvaried. This observa- 
tion suggests that some main changes in species composition 
probably occurred in the period between 1966 and 1977, 
when significant modifications in the plant abundance and 
distribution have already verified. 
The percentage composition of invertebrates (Fig. 3) 
showed that Crustacea (Cladocera nd Copepoda) were the 
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Fig. 2. Modification of the macrophyte arrangement i  Lake Mon- 
terosi n different periods. 
Fig. 3. Percentage composition of the invertebrate fauna at the sam- 
pling stations of Lake Monterosi. Cla.: Cladocera; Cop.: Copepoda; 
Oli.: Oligochaeta; Nero.: Nematoda; Chi.: Chironomidae. 
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Table 2. List of identified taxa in Lake Monterosi and respective percentages (calculated on annual mean abundances of the years 1994 and 
1995). 
Identified taxa % Identified taxa % 
Hydroida Acanthocyclops robustus (SARS) 0.7 
Hydra sp. 0.1 Cryptocyclops bicolor (SARs) 0.4 
Turbellaria 2.0 Thermocyclops hyalinus (FISCHER) 6.3 
Catenula sp. 0.1 Harpacticoida 3.0 
Mactvstomum sp. 0.05 Ostracoda 0.2 
Microstomum sp. 0.5 Cypria ophthalmica (JURINE) 0.04 
Mesostoma sp. 0.04 Cypridopsis vidua (O.E M{3LLER) 0.1 
Dugesia tigrina (GIRARD) 0.7 Candona sp. 0.002 
Dugesia sp. 0.4 Strandesia sp. 0.05 
Turbellaria indet. 0.2 Ephemeroptera 
Nemertea 0.007 Cloeon gr. simile 0.06 
Nematoda 10.6 Odonata 0.02 
Monhisterafiliformis (BASTIAN) 0.03 Coenagrion caerulescens (FONSCOLOMBE) 0.0009 
Monhistera stagnalis (BASTIAN) 0.02 Coenagrion sp. 0.01 
Aphanolaimus aquaticus (DADAY) 0.05 Coenagrionidae indet. 0.009 
Chromadorita leuckarti (DE MAN) 9.0 Libellulidae indet. 0.0003 
Tobrilus gracilis (BASTIAN) 0.2 Aeschnidae indet. 0.006 
Tobrilus helveticus (HOEM.) 0.2 Diptera Chironomidae 10.9 
Plectus p. 0.4 Psectrocladius 1.2 
Dorylailnina 0.7 Cricotopus 0.02 
Tardigrada 0.0006 Pentaneurini 0.5 
Oligochaeta 14.0 Tanytarsus 9.1 
Aeolosoma hemprichi (EHRENBERG) 5.7 Polypedilum convictum gr. 0.02 
Chaetogaster diaphanus (GRUITHUISEN) 0.3 CIadopelma laccophila gr. 0.02 
Chaetogaster diastrophus (GRUITHUISEN) 1.3 Chironomus 0.03 
Pristina aequiseta (BOURNE) 0.9 Diptera Ceratopogonidae 0.3 
Pristinaforeli (PIGUET) 0.3 Diptera lia 0.0003 
Aulophorusfurcatus (M/.)LLER) 0.01 Lepidoptera 0.0003 
Dero digitata (M{XLLER) 1.5 Trichoptera 0.7 
Nais barbara (Mi)LLER) 2.3 Orthotrichia costalis (CURTIS) 0.1 
Nais simplex (PIGUET) 0.02 Ecnomus tenellus (RAMBUR) 0.09 
Nais variabilis (PIGUET) 0.5 Hydroptila sp. 0.1 
Nais communis (PIGUET) 0.5 Trichoptera indet. 0.4 
Nais christinae (KASPARZAK) 0.7 Hydracarina 0.4 
Cladocera 36.8 Hydrodroma descipiens (M~LLER) 0.2 
Bosmina longirostris (O.F.MOLLER) 0.01 M ideopsis orbicularis (MI)LLER) 0.01 
Simocephalus vetulus (O.E M~2LLER) 0.1 Limnesia sp. 0.08 
Eurycercus lamellatus (O.E MOLLER) 0.3 Frontipoda sp. 0.001 
Alonella excisa (FISCHER) 0.09 Unionicola sp. 0.05 
Chydorus phaericus (O.E Mt~LLER) 1.3 Neumania sp. 0.01 
Acroperus harpae (BAIRD) 17.2 Arrenurus p. 0.08 
Alona rectangula (SARS) 0.09 Oribatei 0.2 
Alona guttata (SARS) 1.1 Gastropoda 0.2 
Biapertura ffinis (LEYDIG) 16.6 Physa acuta (DRAPARNAUD) 0.2 
Copepoda 23.5 Hippeutis complanatus (L.) 0.005 
Macrocyclops albidus (JURINE) 2.1 Acroloxus lacustris (L.) 0.0006 
Eucyclops errulatus (FISCHER) 1.0 Viviparus contectus (MILLET) 0.01 
Eucyclops macruroides (LILLJEBORG) 10.0 Bithynia tentaculata (L.) 0.007 
dominant organisms, followed by other abundant groups 
(Oligochaeta, Chironomidae, Nematoda), and by the remain- 
ing ones, which altogether constituted an appreciable com- 
ponent of the community. The comparison among stations 
(Fig. 3) has indicated a faunal structure considerably differ- 
ent only at st. 1 (zone ofN. nucifera), due to the high propor- 
tion of cyclopids and the negligible abundance of cladocer- 
ans and this difference was clearly emphasized in the cluster 
representation f PSc values (quantitative similarity, calcu- 
lated on annual mean abundances of the 83 identified taxa, 
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Fig. 4. Cluster epresentation f PSc values (percentage similarity 
of community index) among stations. 
Fig. 4). In addition, st. 1 was also characterized bythe lowest 
species richness (34 taxa) and by a small number of inverte- 
brates (total number of counted individuals: 3975), while 
other stations, and in particular st. 2 to 5, displayed the high- 
est values of species richness (Table 4) and a very rich corn- 
Table 3. Number of littoral taxa in different periods of study. Data 
of 1966 from STELLA & MARGARITORA (1966), data of 1975 from 
BAZZANTI et al., 1988. #: organisms not considered during the study. 
Taxa 1966 1975 1995 
Hydroida 1 1 1 
Turbellaria 11 4 7 
Nemertea 1 # 1 
Nematoda - # 8 
Tardigrada 1 # 1 
Oligochaeta 8 2 12 
Cladocera 11 9 9 
Copepoda 9 7 7 
Ostracoda 3 3 4 
Ephemeroptera 1 1 1 
Odonata 10 1 5 
Diptera Chironomidae 5 7 7 
Diptera Ceratopogonidae - 1 1 
Diptera lia - - 1 
Lepidoptera 1 # 1 
Trichoptera 1 1 4 
Hydracarina 13 5 7 
Oribatei - - 1 
Gastropoda 4 4 5 
Total 83 46 83 
munity (range: 68673-103955), if these data are compared 
with the numbers usually found in other lakes. Instead, st. 6 
was characterized byintermediate species richness and mod- 
erate density of organisms (20538 individuals), and it is 
probably related with its location in the deeper zone, colo- 
nized by less abundant vegetation. As it can be expected if
we consider the low lake depth, total number of individuals 
decreased slightly with depth (185884 at 0-2 m; 166209 at 
2-4 m), but considerably with seasons (138367 in summer 
and 213726 in winter). The same trend was observed for the 
number of taxa (76 taxa at 0-2 m, 74 at 2-4 m; 71 taxa in 
summer, 62 taxa in winter). 
Water quality assessment based on the invertebrate fauna 
was performed by using the parameters proposed in the pre- 
vious studies (MASTRANTUONO 1986, 1987, 1990, 1991). On 
this ground the community structure was characterized by: 
a) high species richness (83 taxa) and high diversity and 
evenness (H = 3.7, calculated on annual mean abundances; 
e = 0.6); b) abundant total fauna; c) intermediate value of the 
ISC index (31.6); d) relatively high number of cladoceran 
species (9); d) low presence of the microfilterer Ch. sphaeri- 
cus (1.2%) considered as bioindicator f eutrophy; e) appre- 
ciable number of gastropod taxa (5); f) relatively high per- 
centages of some taxa, such as the chironomid Tanytarsus 
(10%) and the nematode Ch. leuckarti (7%), considered typ- 
ical of oxygenated waters. Therefore, the data regarding 
bioindicators and the values measured for bioindices upport 
a diagnosis of mesotrophic level in the lake [compare values 
of H, evenness and ISC with the ranges proposed in MAS- 
TRAWrUONO (1993)]. The examination of all data at the sta- 
tions given in Table 4 displayed a different condition only for 
st. 1 (area colonized by N. nucifera), where several parame- 
ters, and especially low species richnessl low number of 
cladoceran species, very low abundance ofboth Ch. sphaeri- 
cus specimens and total invertebrates, are indicative of a 
poor community, typical of low productive l vel. 
Table 4. Parameters of the invertebrate community for a quality 
evaluation. The number of invertebrates (semiquantitative data) rep- 
resents annual means referred to meter of colonized substratum, o: 
oligotrophy; m: mesotrophy. C.: Chydorus; Ch.: Chromadorita; cla.: 
cladoceran. 
Stations 1 2 3 4 5 6 
nr. of species 34 69 64 56 58 48 
nr of invertebrates 993 9729 8584 12994 9640 5142 
diversity (H) 3.1 4.2 4.1 3.2 3.6 3.9 
evenness 0.6 0.7 0.7 0.6 0.6 0.7 
nr. cla. species 3 6 4 8 6 9 
C. sphaericus (%) 0.4 1.2 1.2 1.1 1.9 0.4 
Ch. leuckarti(%) 0.2 3.8 5.2 15.5 9.4 8.3 
Tanytarsus (%) 12.7 8.7 10.1 4.8 13.7 10.1 
trophic level o m m m m m 
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Discussion 
The most important question in a shallow lake affected by an 
accelerated aging process is the possibility of forecasting the 
future trend of this phenomenon. For this purpose some use- 
ful information can be obtained from the examination ofdif- 
ferent chemical and biological aspects, the most interesting 
of which is undoubtedly represented by macrophyte compo- 
sition, owing the ability of the plants to colonize the entire 
bottom and to influence the nutrient recycling. 
Data described in this paper show that the progressive 
modifications of the macrophyte composition and distribu- 
tion in Lake Monterosi have led to a marked reduction of 
species richness, a dominance of only two species and a 
complete shift from rooted to unrooted macrophytes. One of 
the main reasons for this trend can be ascribed to the intro- 
duction of an exotic species (N. nucifera), which is largely 
responsible for the disappearence of other plants, because 
the large floating leaves of Nelumbo shade the underlying 
zone and the consequent s rong light attenuation leads as a 
final effect to the depletion of all submerged macrophytes 
(PIP & SUTHERLAND-GAY 1987; CHAMBERS & PREPAS 1988). 
Moreover, the other important event, namely the replace- 
ment of M. spicatum (rooted macrophyte) by C. demersum 
(unrooted macrophyte), could be partly explained by the 
modification of sediment texture, due to increasing organic 
matter which reduces nutrient uptake by roots (NICHOLSON et 
al. 1974; BARKO & SMART 1986; HOUGH et al. 1989) and 
oxygen content in the sediments (DALE 1986). In these types 
of bottom an enhanced growth of the unrooted C. demersum 
was demonstrated because this species removes nutrients not 
from the sediments, but from the water and acts as positive 
mechanism for controlling algal bloom (DALE 1986; CHAM- 
BERS & PREPAS 1990; VAN DONK et al. 1993). The disap- 
pearence of Charales in the lake many years ago, followed 
by a significant reduction of the helophytes, represents early 
evidence of a progressive process of organic enrichment in
the sediments, as demonstrated in several investigations 
(PEREYRA-RAMOS 1981; BLINDOW 1992; WEISNER 1996). As 
a whole, all the events described on macrophyte composition 
indicate a meso-eutrophic condition in Lake Monterosi, ac- 
cording to the classifications proposed by different authors 
(BEST et al. 1984; LACHAVANNE 1985; LACHAVANNE et al. 
1985, 1992), who made an accurate xamination of the rela- 
tions between macrophyte composition and trophic level of 
lakes. 
The analysis of the zoobenthic community showed a clear 
modification of the invertebrate qualitative composition 
compared with earlier studies (mainly 1966). These progres- 
sive changes ensued the qualitative modifications of the 
plant community and its increasing colonization of the bot- 
tom, a process that has undergone rapid acceleration since 
1975. At the same time, the zoobenthos i still characterized 
by an unchanged species richness compared with past 
decades (83 taxa in both 1966 and 1995) and by a balanced 
qualitative and quantitative structure, as evidenced by the 
distribution of the number of taxa among faunal groups and 
by the high diversity values measured at all depths (H = 4.0 
in both depth ranges) and seasons (H = 4.0 in summer, 3.2 in 
winter). According to these positive aspects of the communi- 
ty composition, the other parameters ofthe zoobenthos asso- 
ciated with submerged macrophytes have indicated atrophic 
level (mesotrophy) lower than indications by macrophyte 
structure and physico-chemical data. The high amounts of 
some bioindicators such as cladocerans and gastropods, both 
sensitive to eutrophication a d pollution in terms of number 
of species and abundance (CLARKE 1979; MOUrHON 1981, 
1992; BEP, Z~ & BERTILSSON 1989; MASTRANYUONO 1991, 
1993) have contributed in a special way at this evaluation. In 
addition, some other taxa belonging to chironomids and ne- 
matodes, used as bioindicators in studies on zoobenthos both 
in lacustrine and running waters (SAETHER 1979; ZULLINI 
1976, 1982; OCANA & PICAZO 1991), have supported the hy- 
pothesis of mesotrophy. 
The positive conditions, promoting a diversified and 
abundant zoobenthos, are certainly related with the macro- 
phyte-dominated state. In fact, macrophytes by removing 
large amounts of nutrients that enhance phytoplankton 
growth (CANFIELD et al. 1983; MALTHUS et al. 1990; VAN 
DIJK • VAN mONK 1991; VAN DONK et al. 1993), are a sub- 
stantial contribution to the stability of the environment and 
this action opposes the transition from a community macro- 
phyte-dominated to a community phytoplankton-epiphyton 
dominated, a change which enables the fauna composition i
the ecosystem tobe completely modified (IRVINE et al. 1989; 
BRONMARK & WEIGHER 1992). One of the most important 
reason for this positive condition in Lake Monterosi could be 
searched in the remarkable presence of piscivores (Lepomis 
gibbosus and Micropterus almoides, 65% of the fish fauna, 
DE BONFmS et al., peTs. comm). As established in several pa- 
pers (GRYGIEREK 1973; ANDERSON et al. 1978; STENSON et al. 
1978; SPENCER & KING 1984; VAN DON~ et al. 1989), preda- 
tory fishes play a basic role in the maintenance of the equi- 
librium because they control planktivores and favour the 
abundance ofzooplankton which, by grazing on phytoplank- 
ton ensures the good transparency that macrophytes need for 
their growth. 
In spite of the positive aspects characterizing the zooben- 
thic structure, the negative influence of Nelumbo-coloniza- 
tion clearly emerged from the data collected in the colonized 
area, in which the considerable diminution both of species 
richness and number of invertebrates can be seen in relation 
with the disappearence of other macrophytes and with the 
absence of submerged leaves in Nelumbo, which drastically 
reduce the colonizing plant surface for invertebrates. As a 
consequence of this, it may be assumed that the present situ- 
ation in the shallow lake represents a week point of equilibri- 
um between antagonistic factors, because the progressive in- 
crease of Nelumbo-colonization s the event liable to change 
rapidly the present macrophyte-dominated s ate in the lake. 
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Our results also confirm the high capacity of the zooben- 
thos associated with macrophytes to adapt its composition at 
the environmental changes more efficiently than zooplank- 
ton and profundal zoobenthos, which generally reveal troph- 
ic increase arly. These conclusions appear to be in complete 
agreement with observations contained in previous studies 
on deeper lakes (MASTRANTEONO 1986, 1987, 1990, 1991) 
and also support he idea that water quality assessment based 
on the selected parameters i valid also in shallow lakes. In 
the final instance, littoral zoobenthos affords an opportunity 
for quality evaluation that can be used to complete other di- 
agnoses and may represent a measure of the ecosystem's ca- 
pacity for recovery. 
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